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Description of Invention 



Name of invention 



Semiconductor memory device 



CLAIMS 



1. A semiconductor memory device including an address buffer, having a Junction 
for passing on without modification an address signal supplied from an external pin, and a latch 
function for capturing an address function supplied from an external pin synchronously with an 
edge of a specified control signal supplied from an external pin. 



2. A semiconductor memory device according to claim 1, wherein said address 
buffer comprises a column address signal. 



3. A semiconductor memory device according to claim 1 or claim 2, wherein said 
address buffer has an operating mode indicated by a combination of specified control signals 
supplied from external pins, an address signal supplied from an external pin taken as an initial 
value, and a multiplexer function for selectively sending both an address signal, generated by an 
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address counter circuit performing an incrementing operation according to said control signal, 
and said address signal supplied by an external pin. 

Detailed Description of the Invention 

Field of the Invention 

The present invention relates to a semiconductor memory device, and relates to a 
technology effectively useful in a dynamic RAM (random access memory) having peripheral 
circuits configured from static circuits. 

Prior Art 

In continuous access operations in a dynamic RAM, page mode, sequentially switching 
data lines by changing an address signal to vary a column address signal synchronously with a 
column address strobe signal /CAS [TN: / before a signal name in the translation represents an 
overscore, used for an inverse or active-low signal] while one word line is selected by a row 
selection circuit, and thereby performing continuous read/write operations to memory cells 
joining said word lines, and static column mode, configured with 

[end of page 589] 
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a column select circuit as a static circuit, and continuously read/write operations to memory cells 
joining said word lines by sequentially switching data lines by changing a column address signal 
while one word line is selected, are known. 

In the former of these, page mode, address signals supplied from external pins are loaded 
using a column address strobe signal as a clock, enabling continuous addressing at relatively high 
speed, but on the other hand requiring a clock signal to be supplied from an external pin. In the 
latter, column static mode, continuous addressing is enabled by varying only the column address 
signal, but on the other hand the operating speed is comparatively slower due to a skew (a timing 
difference in the changing of the address signal) of the address signal supplied from the external 
pin. This means that with an address signal composed of multiple bits, the column select 
operation occurs after waiting for the slowest-changing address signal. Thus both methods have 
advantages and disadvantages, and prior dynamic RAMs have either one or the other of said 
functions. 

(In relation to dynamic RAMs having the continuous access functions described above, 
see also Nikkei McGraw Hill, Nikkei Electronics magazine, July 18, 1983, pages 169 through 
193, and Hitachi Limited, Hitachi 1C Memory Data Book, published in September 1983.) 

Purpose of the Invention 

The purpose of this invention is to provide a dynamic RAM providing both multi- 
functional operation and high-speed operation. 

The purposes and features of the invention already described, as well as other purposes 
and new features, will be explained in the detailed descriptions and attached drawings. 

Summary of the Invention 

The following is a simplified description summarizing representative [aspects] of the 
present invention disclosed in the present request. Namely, [these are] the achievement of both 
page mode functions and static column mode functions by using an address buffer having a 
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function for passing through an address signal supplied from an external pin without 
modification, and a latching function capturing an address signal supplied from an external pin 
synchronously with an edge of a specified control signal supplied from an external pin, and also 
providing the address buffer with a multiplexer function selectively receiving both the address 
signal from an external pin and an address signal generated internally, controlling these by an 
external control pin, and performing continuous access according to said internal address signal. 

Description of the Preferred Embodiments 

Figure 1 shows a block diagram of a dynamic RAM according to one preferred 
embodiment of the present invention A dynamic RAM according to this drawing may be, 
without limitation, a dynamic RAM accessed in 8-byte units, formed on a semiconductor 
substrate such as single crystal silicon, by generally known semiconductor integrated circuit 
manufacturing technology. 

This preferred embodiment, without limitation, may be divided left and right into two 
memory arrays, M-ARY1 and M-ARY2. Each memory array M-ARY1 and M-ARY2 has a set of 
eight mutually complementary data line pairs, formed in the vertical direction as shown in the 
drawing. Thus the memory array is configured not as eight blocks (mats) but as eight-bit data 
lines, and one address is assigned to each of the eight complementary data line pairs mutually 
adjacent within the same memory array and arranged horizontally in the drawing. By this means 
it is possible to simplify the memory array as well as its peripheral circuits. A memory cell in a 
matrix array of said memory arrays M-ARY1 and M-ARY2 uses a 1-MOS type dynamic memory 
cell composed of a capacitor for data memory and a MOSFET for address selection. The gate of a 
MOFET used for address selection in such a memory cell is joined to a word line, and its drain 
(source) is connected to a data line. 

The row address selection lines (word lines) are formed horizontally, going left and right 
with respect to said memory arrays M-ARY1 and M-ARY2, and are laid out in order vertically in 
the drawing. 

|P 590J 
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The complementary data line pairs arc selectively connected to eight common 
complementary data line pairs CD1, CD2 through column switches C-SW1, C-SW2. In the 
drawing, the said complementary data line pairs run in the horizontal direction. These common 
complementary date line pairs CD1, CD2 are connected to the input terminals of main amps 
MAI, MA2 respectively. 

Sensing amps SA1, SA2 receive slight read voltage [changes] in the complementary date 
line pairs of the memory array, are activated by dynamic signal <)> pa and amplify the 
complementary data line pairs to high level or low level according to said read voltage. 

Row address buffer R-ADB is activated by dynamic signal ce created based on chip 
select signal /CE, receives row address signals AXO-Axm in row form composed of m+1 bits and 
supplied from an external pin, generates internal complementary address signals aO-am and /aO- 
/am, and sends these to row address decoder R-DCR. Note that in the descriptions and drawings 
to follow, one pair of internal complementary address signals, such as aO and /aO, will be 
represented as internal complementary address signal aO. Therefore, the above internal 
complementary address signals aO-am and /aO-/am are represented as aO-am. Row address 
decoder R-DCR selects one word line according to said address signal aO-am, synchronously with 
word line select timing signal § x. 

Column address buffer C-ADB, in order to realize three types of continuous access mode 
described below, is activated by timing signal ce generated based on chip select signal /CE, and 
has a function passing through column address signal AYO-Ayn formed from n+1 bits and 
supplied from an external pin, and a latching function capturing said address signal AYO-Ayn 
synchronously with an edge of internal control signal cs described below, and also a multiplexer 
function receiving address signals generated according to address counter circuit ADC described 
below. Note that depending on the mode of expression of said internal complementary address 
signal, internal complementary address signals aO-an and /aO-/an in the drawing and the following 
descriptions may be expressed as internal complementary address signals aO-an. 

Internal complementary address signals aO-an and /aO-/an generated by column address 
buffer C-ADB are passed to column decoder C-DCR Column decoder C-DCR has operation 
controlled by data line select timing signal <|> y, decodes the address signals passed to it, and 
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performs selection operations among the eight data lines synchronously with data line select 
timing signal <(> y. 



Column switches C-SW1, C-SW2 receive the data line select signals just described, and 
connect to 8 pairs of common complementary data lines corresponding to the said 8 pairs of 
complementary data lines. Note that in Figure 1 the said complementary data lines and common 
complementary data lines are realized as one line for the purpose of illustration. 

Input-output circuit I/O is composed of a data output buffer for reading, and a data input 
buffer for writing. The data output buffer is in operating mode during reading operation, amplifies 
the output signal of the other main amp MAI or MA2 that has been set in operating mode, and 
outputs this to external pins D0-D7. Also, the data input buffer is in operating mode during 
writing operation, and supplies write signals supplied from external pins D0-D7 to common 
complementary date line pairs CD1 and CD2. Note that these writing system circuits arc omitted 
from Figure 1. Said data output buffer and data input buffer have tri-statc output functions, and 
when in non-operating state have output set to high impedance (or floating) state. 

Internal control signal generator circuit TG receives four external control signals, /CE 
(chip enable signal), AVE (write enable signal), /OE (output enable signal), and CS (clocked 
serial signal), as well as address signal change detector signal § generated by address signal 
change detector circuit ATD receiving, without limitation, the address signals aO-am and aO-an 
described previously. According to the operating mode, [TG] generates and outputs each of the 
timing signals necessary for memory operation. 
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The RAM is operated according to internal synchronization using a set of timing [signals] 
generated for the purpose of internal operation based on detection signal 4> generated by address 
signal change detector circuit ATD as described above. By this means external access similar to 
that of a static RAM is enabled even when a dynamic memory cell such as that described above is 
used (configuring a so-called pseudo-static RAM). For the purpose of this type of operation, each 
of the peripheral circuits such as said address buffers R-ADB, C-ADB, address decoders R-DCR, 
C-DCR1, and C-DCR2 etc. ,are configured as CMOS (complementary MOS) static circuits. 

Although not thus limited, automatic refresh circuit REFC includes a refresh address 
counter and timer etc., and is activated by a low setting of the refresh signal /REF, supplied from 
an external terminal. This means that with internal chip enable signal /ce at high level in non- 
selected (standby) status, setting refresh signal /REF to low level causes automatic refresh circuit 
REFC to switch with multiplexer created in the input area of row address buffer R-ADB by a 
control signal not illustrated, passing a refresh address signal generated by an internal refresh 
address counter to row decoder R-DCR, and performing a refresh operation (auto refresh) by 
means of one word line selection and an amplification operation by sensing amp SA. Also, when 
refresh signal /REF is held at low level a timer operates causing a refresh address counter to 
increment after a fixed time interval, andTefresh operation to continue during the interval (self 
refresh). 

Figure 2 shows a circuit diagram of one preferred embodiment of said column address 
buffer C-ADB and address counter circuit ADC. In this drawing a P-channel MOSFET is 
distinguished from an N-channel MOSFET by a straight line added to the channel. 

Figure 2 shows a representative 1-bit unit of an address buffer circuit. Address signals 
from external terminals A Yn are supplied to P-channel MOSFET Q2 and N-channel MOSFET 
Q3, one set of input terminals comprising the multiplexer circuit, through NAND-gate circuit Gl 
controlled by internal chip enable signal ce. Between the source of P-channel MOSFET Q2 and 
power supply Vcc is placed P-channel MOSFET Ql receiving inverted control signal /cs, and 
between the source of N-channel MOSFET Q3 and the circuit ground potential is placed N- 
channle MOSFET Q4 receiving control signal cs. Note that by placing MOSFETs Ql, Q4 
receiving said control signals cs and /cs at a CMOS NAND-gate circuit receiving said address 
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signal Ayn supplied from an external terminal and an internal chip enable signal, it is possible to 
configure both circuits as a single circuit. 

The gates of P-channel MOSFET Q6 and N-channel MOSFET Q7 5 the other input 
terminals of said multiplexer circuit, receive output signal /an' corresponding to address counter 
circuit ADC. MOSFETs Q6, Q7 are places with respect to P-channel MOSFET Q5 and N- 
channel MOSFET Q8 respectively as described previously. The gates of MOSFETs Q5, Q8 are 
placed in an intersection connection with the gates of said MOSFETs Ql, Q4, and receive 
crossover of the control signals cs and /cs. 

The output terminals of the above two circuits are connected in common, and are 
connected to the input terminal of CMOS inverter circuit 1V1 as the input circuit that configures 
the latch circuit. This inverter circuit IV 1 is used as a clock driver circuit and is placed in 
operating mode by clock signal <t> cs. The output signal of inverter circuit IV 1 is passed to the 
input terminal of CMOS inverter circuit IV2. The output signal of inverter circuit IV2 returns to 
its input through clocked inverter circuit IV3. 

[P592] 
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This clocked inverter circuit IV3 is placed in active status by the inverse signal of clock 
signal <t> ca. The latch circuit [formed] by clocked inverter circuits IV1-IV3 operates as a static 
circuit passing on the signal from the multiplexer circuit without modification, by the operation of 
loading a signal through the multiplexer circuit described above, and placing clocked inverter 
circuit I VI in operating status and clocked inverter circuit IV3 in non-operating status at the 
timing of the change of clocked serial signal CS from low level to high level according to their 
operating modes. 

The output signal of CMOS inverter circuit IV3 configuring the above latch circuit is 
supplied to the input terminal of CMOS inverter circuit 1V4, and from the output terminal of 
inverter circuit I V4 is sent an inverse internal address signal /ai. The output signal from inverter 
circuit IV4 is supplied to the input terminal of CMOS inverter circuit IV5, and from the output 
terminal of inverter circuit IV5 is sent a non-inverted internal address signal ai. 

In address counter circuit ADC, flip-flop circuits FFO-FFn arranged in a vertical array, 
and internal address signals aO-an of address buffer C-ADB are supplied respectively through 
NAND gate circuits GO-Gn to the set input to flip-flop circuits FFO-Ffh. In these gate circuits G0- 
Gn, the gates are opened by a one-shot pulse $ cs' generated at the time of setting in high-speed 
continuous operation mode by an internal address signal as will be described later, and an address 
signal corresponding to the said address signal supplied from an external terminal is loaded into 
each flip-flop circuit FFO-Ffh as an initial value. Also, the arithmetical input to the first-stage flip- 
flop circuit FFO executes its arithmetic operation at the time of an edge, such as a fall from high 
level to low level, of internal signal cs generated based on clocked serial signal CS. The carry 
signal from flip-flop circuit FFO is supplied to the arithmetic input of the next stage, FF1. Binary 
counter operation proceeds in this fashion. 

Next we describe three types of continuous access mode realizable by selective operation 
of address buffer C-ADB and address counter circuit ADC described hereinabove, with reference 
to the timing charts in Figure 3 through Figure 5. 

Figure 3 shows a timing chart for the purpose of describing read operations in static 
column mode. 
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At the time chip enable signal /CE changes from high level to low level, clocked serial 
signal CS goes to high level, going into continuous access mode according to address signals 
AYO-AYn supplied from eternal terminals. In static column mode, clocked serial signal CS is 
held at high level. By this means control signal cs in the multiplexer circuit illustrated in Figure 2 
is fixed at high level and /cs is held at low level. As a result P-channel MOSFET Ql and N- 
channel MOSFET Q4 are held in "on" status and the multiplexer circuit is in a state of operation 
through circuits on the external terminal side. When chip enable signal /CE goes to low level, 
internal signal ce is enabled, and address signals AYO-AYn supplied from external pins are sent 
through their corresponding NAND gate circuits Gl etc. through the multiplexer circuit to the 
input of clocked inverter circuit IV 1 forming a latch circuit. At this time, clock signal <j) cs may be 
held at, for example, high level, setting clocked inverter circuit IV 1 to operating mode, and 
setting clocked inverter circuit IV3 to non-operating status. 

As a result, selective operation of memory cells is performed by means of row address 
signal AX and column address signal AY supplied through external terminals. If for example, 
although not shown in the illustration, write enable signal /WE is at high level, and output enable 
signal /OE is at low level, the recorded data Dout at the selected memory cell is sent to external 
terminal D. 

[P 593J 
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In this state when the column address signals AY (AYO-AYn) are varied, address buffer C-ADB 
varies its internal address signal accordingly. By this means, column switch circuit switching 
occurs as column decoders C-DCR1 and C-DCR2 decode, and the signals in the complementary 
data lines in the memory array are output to external terminal D as switching proceeds. The 
preceding has been a description of read operation in static column mode. In static column mode, 
continuous access is enabled by means of address switching at any desired timing. Note that in 
write operation, continuous writing operation is performed by supplying write signal Din to 
external terminal D synchronously with changes in address signal AY described above. 

Figure 4 shows a timing chart for the purpose of describing read operations in page mode. 

As in the above description, if clocked serial signal CS is at high level at the time chip 
enable signal ICE changes from high level to low level, continuous access mode is enabled by 
means of address signals AYO-AYn supplied from external terminals. Clocked serial signal CS is 
held at high level for the duration of the first cycle. By this means as in static column mode 
described earlier, a read operation is performed for the first 8 bits. In page mode, column address 
switching is synchronized with a clock signal in order to achieve high-speed access. This means 
that when clocked serial signal CS goes to low level, latch circuit input inverter circuit IV! is in 
non-operating status, and feedback inverter circuit IV3 is in operating status. As a result address 
signal AY supplied from external terminals becomes invalid and the previously loaded address 
signal is held momentarily. Next, clocked serial signal CS changes from low level to high level 
and at this time, temporarily, input inverter circuit IV 1 is in operating status and feedback inverter 
circuit IV3 is in non-operating status. As a result, at the rising edge of the return of clocked serial 
signal CS to high level, the address signal AY (AYO-AYn) supplied from external terminals is 
loaded and retained and an internal address signal is generated using the output signal from the 
latch circuit. By means of this method of loading an external address signal using a timing signal, 
it is possible to perform direct column switching without having to consider skew in the address 
signal, and therefore it is possible to achieve high speed continuous access (page mode). Note that 
in write operation, continuous write operation is achieved by supplying a write signal Dia to 
external terminal D synchronously with clocked serial signal CS. 

Figure 5 shows a timing chart for use in describing continuous reading operation in high- 
speed serial mode (expanded nibble mode). At the time that chip enable signal /CE changes from 
high level to low level if clocked serial signal CS is at low level, continuous access mode using 
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an internally generated address signal (high-speed serial mode) is enabled. In high-speed serial 
mode, in order to lead address signal AY supplied from external circuits, temporarily multiplexer 
circuit control signal cs goes to high level and /cs to low level as shown in Figure 2, at the time 
that chip enable signal /OE goes to low level. As a result address signal AY supplied from 
external terminals is loaded, and this set of address signals AY is loaded into the address counter 
circuit ADC as its initial value according to timing signal <|>cs' generated at this time. 

As a result of clocked serial signal CS going to low level, with multiplexer circuit control 
signals cs at low level and /cs at high level, P-channel MOSFET Q5 and N-channel MOSFET Q8 
are in "on" status, and the multiplexer circuit is operating on the side of the address counter 
circuit ADC. 
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As a result, internal address signal /an', corresponding to address signal AY loaded previously, is 
sent to the latch circuit. Then, although not thus limited, column select operation begins at the 
time that clocked serial signal CS goes to high level. T the rise of clocked serial signal CS to high 
level just described, and as in page mode described earlier, latch circuit input inverter circuit I VI 
temporarily goes into operating status and feedback inverter circuit IV3 into non-operating mode. 
By this means address signals /an 5 etc. corresponding to the initial address signal described earlier 
are loaded and stored, and an internal address signal created by means of the output from the latch 
circuit. Because column decoder circuits C-DCR1 and C-DCR2 are decoding the address signal 
and generating data line selection signals, it is the data stored in memory cells connected to data 
lines selected by address signal /an' etc., out of all the memory cells connected to word lines 
selected according to row address signals AX that have been already loaded, that is sent to 
external terminal D. When clocked serial signal CS changes to low level, arithmetical 
computation is performed in address counter circuit ADC and because then clocked serial signal 
CS is at low level, control signal cs is low and /cs is high, the incremented address signal is sent 
as input to the latch circuit in the same manner as described previously. When clocked serial 
signal CS returns from low level to high level, the latch circuit retains the loaded incremented 
address signal, and therefore the internal address signal for the column is changed. As a result a 
column switching operation is performed and continuous reading operation is executed. Thus in 
high-speed serial mode address signals are supplied from external terminals, and there is no need 
for concern about skew in the address signal just as described earlier in static column mode, and 
therefore high-speed access operation is that much more feasible. Note that in write operation the 
write signal Din may be supplied to external terminal D synchronously with the clocked serial 
signal as described earlier. 

Effects of the Invention 

(1) Having both a function passing on without modification an address signal supplied 
from an external pin, and a latch function capturing an address function supplied from an external 
pin synchronously with an edge of a specified control signal supplied from an external pin, has 
the effects of enabling realization of a semiconductor memory device capable of both high-speed 
access mode through asynchronous address switching as in static column mode, and continuous 
access mode as in page mode. 
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(2) Adding a multiplexer function to the address buffer has the effect of enabling the 
functions of continuous access to a memory cell at high speed without concern for skew in the 
address signal, by selectively receiving an address signal from external terminals and an address 
signal generated internally, and controlling these from an external control terminal. 

(3) The effect of being able to select the most appropriate continuous access mode for the 
system and mode of operation at the time, from among two or three types of continuous access 
mode according to (1) and/or (2) above,. 

The above specific description is based on a preferred embodiment of the invention by 
the present inventors, but the present invention is not limited to the above preferred embodiment 
and its intent may without question be altered in a variety of ways without prejudice. For example 
clocked serial signal CS may be composed of a control signal indicating operating mode and a 
clock signal. Or the multiplexer circuit and pitch circuit created in the address buffer and specific 
circuits in the address counter circuit, may be implemented in a variety of specific forms. 

Further, the external address signal may be supplied over time through common external 
terminals by a row address strobe signal /RAS and column address strobe signal /CAS In this 
case the clock signal supplied to the latch circuit created in the address buffer may be generated 
based on the column address strobe signal /CAS, and a control signal may be added to distinguish 
between high speed serial operating mode and page mode. 

Fields of Use 

The present invention may be used not only in dynamic RAMs configured with column 
select circuits that are static type circuits, but may also be used in similar fashion in static RAMs. 

Brief Description of the Drawings 

Fig. 1 is a block diagram of the internal configuration of a dynamic RAM according to one 
preferred embodiment of the present invention; 
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Fig. 2 is a circuit diagram showing the address buffer thereof and a preferred embodiment of an 
address buffer; 

Fig. 3 is a timing chart for the purpose of describing static column mode, one of the operations 
thereof; 

Fig. 4 is a timing chart for the purpose of describing page mode, one of the operations thereof; 
and 

Fig. 5 is a timing chart for the purpose of describing high-speed serial mode, one of the 
operations thereof. 
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